INTRODUCTION {#sec1-1}
============

Urinary calculi are highly prevalent and affect the population in all countries.\[[@ref1]--[@ref3]\] Calcium oxalate (CaOx) and calcium phosphate stones are the highest common calculi which form approximately 80% of stones in the urinary system.\[[@ref2][@ref4]--[@ref6]\] Urinary stones may cause infection, hemorrhage, obstruction, and hydronephrosis in the urinary tract. Kidney stones are also a major risk of chronic kidney diseases.\[[@ref7]\] Extracorporeal shock wave lithotripsy (ESWL), percutaneous lithotomy (PNL), transureteral lithotripsy using laser (TUL), electrohydrolic, ultrasound, Swiss LithoClast, and even laparoscopy are widely used to remove the calculi. These invasive procedures employed for removing urinary stones are expensive and may also cause serious complications.\[[@ref1][@ref2]\] Therefore, it is worthwhile to look for alternative treatments by using medicinal plants or phytotherapy to replace these conventional methods. Medicinal plants are used worldwide and there is also an increasing interest for research in this area to provide a scientific explanation for their beneficial effects.\[[@ref8]--[@ref14]\]

*Nigella sativa* L. (NS) or black seeds have been used in traditional medicine for centuries.\[[@ref15][@ref16]\] Black seeds have been reported to be analgesic, antidiabetic, anticancer, anticonvulsant, anti-inflammatory, and antioxidant; it also lowers serum cholesterol and triglyceride, balances enzyme activity, increases glutathione in the kidney, and repairs kidney tissue of the nephrotoxicity.\[[@ref6][@ref17]--[@ref23]\] We have previously reported the preventive effect of ethanolic extract of black seeds on kidney stone formation.\[[@ref24]\] For further investigation in this line, we decided to investigate the effect of aqueous--ethanolic extract of NS and its *N*-butanol fractions on ethylene-glycol (EG)-induced CaOx kidney calculi in rats.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of extract {#sec2-1}
----------------------

The NS seeds were purchased from a local herb store in Mashhad, Iran; and approved by herbarium of Ferdowsi University (Mashhad, Iran). The black seeds were powdered and 500 g of powder were macerated in a 50% aqueous--ethanol solvent and kept at 40°C in an incubator for 72 h while it was mixed every 6 h during the incubation time. The mixture was filtered through a filter paper and the solvent was removed and the concentrated extract was used in this experiment. For preparation of *N*-butanol fraction, 10 g of concentrated extract was repeatedly dissolved in 50 mL *N*-butanol in a decanter funnel to separate the intermediate compounds. The solvent was removed and concentrated fraction was used. The remnant part on the decanter funnel that composed of polar and nonpolar particles were concentrated and used as *N*-butanol phase remnant in this study.

Experimental protocol {#sec2-2}
---------------------

Male Wistar rats, weighing 200 ± 20 g were randomly divided into 5 groups (A, B, C, D, E). All groups were kept at 25°C ± 2°C with standard diet and treated for 28 days. The animal procedures were complied with the international guidelines and the Guide for Care and Use of Laboratory Animals and approved by Mashhad University of Medical Sciences, Mashhad, Iran.

Rats in group A as intact control animals received tap drinking water and group B (EG controls) received 1% EG (Merck KGaA, Darmstadt, Germany) in drinking water for 28 days. In addition to 1% EG, rats in group C were treated with 250 mg/kg of the aqueous-ethanolic extract of NS and groups D and E were treated with the equivalent of 250 mg/kg of the *N*-butanol phase and *N*-butanol phase remnant respectively added in drinking water for 28 days. Twenty-four hour urine samples were collected on the 1^st^, 14^th^, and 28^th^ days of the study while each rat was kept in a separate metabolic cage. Blood was collected from the orbital cavernous sinus on the first and the 28^th^ days of the study.

Serum concentration of calcium and magnesium were measured by enzymatic methods and xylidyl blue reaction, respectively. Urine oxalate and citrate were measured by enzymatic methods (Darman Kaw, Tehran, Iran) and using autoanalyzer.

Histopathology study {#sec2-3}
--------------------

At the end of the experiment (day 29), all rats were decapitated by guillotine. Their kidneys were removed, weighed, and kept in formalin 10% for histopathology studies. Five micron sections were prepared from both kidneys, and the slides were stained with hematoxylin-eosin method. The slides were examined under light microscope and CaOx deposits were determined. Aggregations of CaOx deposits in renal tubules and calyces were counted in 10 microscope fields.

Statistical analysis {#sec2-4}
--------------------

Data were expressed as mean ± SEM and were analyzed by analysis of variance (one-way ANOVA) test to find the differences among all groups, and Tukey test for comparison between each two groups. *P* value less than 0.05 was considered as significant.

RESULTS {#sec1-3}
=======

No deposits of CaOx or other pathological defects were found in different segments of the nephrons of the rats in group A (intact control group) \[[Figure 1](#F1){ref-type="fig"}\]. But CaOx crystals in the proximal tubules, loops of Henle, distal tubules, collecting ducts, and calyces of the rat kidney in group B were plenty \[Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}\]. The mean number of CaOx deposits in 10 microscopic fields of the kidney in group B was 26.85 ±4.27 \[[Figure 4](#F4){ref-type="fig"}\], which was significantly more than group A (*P* \< 0.001).

![Normal tubules and collecting ducts (H and E, ×400)](PM-7-338-g001){#F1}

![Calcium oxalate crystals in renal tubules of an ethylene glycol-treated rat (H and E, ×400)](PM-7-338-g002){#F2}

![Secondary renal tubular dilation with epithelial damage and leukocyte reaction (H and E, ×400)](PM-7-338-g003){#F3}

![The number of calcium oxalate crystals in 10 microscopic fields in experimental groups. (A) Control group (n=7), (B) ethylene glycol group (n=8), (C) group treated with aqueous--ethanolic extract of NS (250 mg/kg, n=7), (D) group treated with remnant phase of *N*-butanol (250 mg/kg, n=7), (E) group treated with N-butanol fraction of NS (250 mg/kg, n=8). Data were expressed as mean ± SEM, \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 vs group B](PM-7-338-g004){#F4}

In group C, crystals were thin and tiny compared with group B, and the number of CaOx deposits in 10 microscopic fields of the kidney was 12.5 ± 4.78, which was significantly lower than group B ([Figure 4](#F4){ref-type="fig"}, *P* \< 0.05).

In the kidney specimens of groups D and E, deposits were composed of tiny and thin CaOx crystals developed in different parts of the nephron tubules. The number of deposits in 10 microscopic fields of kidney slices in group D was 4.66 ± 1.35 and in group E was 3.12 ± 0.89 that were both significantly lower than group B ([Figure 4](#F4){ref-type="fig"}, *P* \< 0.01).

Urine oxalate concentration in all experimental groups increased in comparison with group A on days 14 and 28 ([Figure 5](#F5){ref-type="fig"}, *P* \< 0.05).

![Urine oxalate concentration in experimental groups. (A) Control group (n=7), (B)ethylene glycol group (n=8), (C) group treated with aqueous--ethanolic extract of NS (250 mg/kg, n=7), (D) group treated with remnant phase of *N*-butanol (250 mg/kg, n=7), (E) group treated with *N*-butanol fraction of NS (250 mg/kg, n=8). Data were expressed as mean ± SEM, \**P* \< 0.05, \*\**P* \< 0.01, \*\*\**P* \< 0.001 vs. group A](PM-7-338-g005){#F5}

Urine citrate concentration was lower in all experimental groups compared with group A on day 14 and 28. However, urine citrate concentration was only in group E significantly lower than group A on day 28 ([Figure 6](#F6){ref-type="fig"}, *P* \< 0.05).

![Urine citrate concentration in experimental groups. (A) Control group (n=7), (B)ethylene glycol group (n=8), (C) group treated with aqueous--ethanolic extract of NS (250 mg/kg, n=7), (D) group treated with remnant phase of *N*-butanol (250 mg/kg, n=7), (E) group treated with *N*-butanol fraction of NS (250 mg/kg, n=8). Data were expressed as mean ± SEM, \**P* \< 0.05 vs. group A](PM-7-338-g006){#F6}

Urine calcium concentration in groups C and E on day 14 was significantly lower than day 0 in these groups ([Table 1](#T1){ref-type="table"}, *P* \< 0.05).

###### 

Urine calcium concentration (mg/dL) in experimental groups

![](PM-7-338-g007)

Serum magnesium concentration in group E on day 28 was significantly lower than day 0 in this group ([Table 2](#T2){ref-type="table"}, *P* \< 0.05). There was no significant difference in serum calcium concentration among experimental groups in this study \[[Table 3](#T3){ref-type="table"}\].
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Serum magnesium concentration (mg/dL) in experimental groups
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Serum calcium concentration (mg/dL) in experimental groups
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DISCUSSION {#sec1-4}
==========

Our data demonstrated that both *N*-butanol fraction and *N*-butanol phase remnant from 50% aqueous-ethanolic extract of NS seeds had a preventive effect on CaOx calculi formation in the rat kidney. Similarly, 50% aqueous--ethanolic extract of NS seeds showed such a preventive action on kidney CaOx stone formation.

This study showed that the preventive effects of *N*-butanol and *N*-butanol phase remnant fractions were more potent than 50% aqueous--ethanolic extract. In another report, we also demonstrated that ethanolic extract of NS at a dose of 250 mg/kg had both preventive and curative effects on kidney stone formation in rat, although its preventive action was stronger.\[[@ref24]\]

In another report from our laboratory, it was also demonstrated that ethyl-acetate phase remnant from 50% aqueous--ethanolic extract of NS seeds had a complete preventive effect on EG-induced kidney stones in rat \[unpublished data\].

The basis for calcium stone formation is supersaturation of urine with stone-forming calcium salts. A number of dietary factors and metabolic abnormalities can change the composition or saturation of the urine so as to enhance stone-forming propensity. Among the metabolic conditions are hypercalciuria, hypocitraturia, and hyperoxaluria.\[[@ref25]\] However, the role of other factors, such as inhibitors, infection, matrix formation, as well as urinary obstruction, should not be ignored.\[[@ref26]\]

Hypercalciuria and hyperoxaluria are important factors in the process of CaOx stone formation; *N*-butanol fraction was able to reduce urine calcium on day 14 but increased urine oxalate at the same time. Thus, it seems that the preventive effect of *N*-butanol fraction on CaOx formation cannot be attributed to alteration of urine oxalate concentration. However, reduction of urine calcium concentration induced by NS extract and *N*-butanol phase remnant in groups C and E, respectively, can be suggested as part of reason associated with prevention of CaOx stone formation in these groups.

Although hyperoxaluria and hypocitraturia are known as risk factors of calculi formation, preventive action of 50% aqueous--ethanolic extract, *N*-butanol fraction, and *N*-butanol phase remnant on CaOx crystals formation cannot be attributed to changes in urine oxalate or citrate, since these groups showed a reduction in urine citrate but an increase in urine oxalate concentration.

Calcium oxalate crystals and high oxalate levels in nephrons can produce damages in the epithelial cells, and consequently, the cells may produce some products, as well as free radicals, which induce heterogenous crystal nucleation and cause aggregation of crystals.\[[@ref27]\]

Black seeds cultivated in Khorasan Province contain tannin, flavonoids, and alkaloids, which constitute a portion of the aqueous--ethanolic extract of the seeds.\[[@ref28]\] Nonpolar components, such as thymoquinone, fatty acids, vitamin E, and carotene are present in *N*-butanol fraction of NS. Thymoquinone is the major non-polar compound in this fraction. Thymoquinone has antioxidant effect and scavenges superoxide anions and free radicals, and on the other hand, it also inhibits 5-lipoxygenase and cycloxigenase pathways and so stops inflammatory response and its products formation.\[[@ref29][@ref30]\] Accordingly, preventive actions of NS fractions and extract on CaOx crystals aggregation are partly due to its antioxidant and anti-inflammatory effects.

In a recent report we demonstrated that thymoquinone has both preventive and also a disruptive effect on CaOx crystals induced by EG in rats.\[[@ref31]\] Hereby, it may be suggested that the preventive effect of N-butanol fraction in the present study is at least partially due to the thymoquinone action.

N-butanol phase remnant fraction and aqueous-ethanolic extract have polar and intermediate compounds such as tannin, flavonoids and alkaloids. Flavonoids including quercetin, kaempferol and glyceride flavonoids also have anti-inflammatory and antioxidant effects.\[[@ref32]--[@ref35]\] Thus it may be suggested that the effects of NS seeds fractions in preventing of CaOx calculi formation in the present study are in part caused by anti-inflammatory and antioxidant action of NS seeds components. These compounds are able to inhibit the process of epithelial cell injury and inflammation induced by CaOx crystals.\[[@ref30]\]

In summary, according to this study, 50% aqueous--ethanolic extract of NS seeds and its fractions showed a clear preventive effect on CaOx formation. This beneficial action may be attributed to antioxidant as well as anti-inflammatory actions of NS extract and its fragments in the rat kidney rather than alternation in serum or urine ions concentration.
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